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. , $C(X)$
$uC_{\varphi}$ : $f\vdasharrow u\cdot(f\circ\varphi)$ , 2
Hyers-Ulam stability
, $\varphi(\{x\in X : |u(x)|\geq r\})(r>0)$ , .
\S 1. $C(X)$
$X$ Hausdorff , $X$ Banach ($\sup$
) , $C(X)$ . , $C(X)$ $u$ . , $\varphi$ , $X$ $X$ ,
$\{x\in X : u(x)\neq 0\}$ . $u$ $\varphi$ , $C(X)$ $uC_{\varphi}$ ,
$(uC_{\varphi}f)(x)=u(x)f(\varphi(x))$ $(x\in X, f\in C(X))$
. , $uC_{\varphi}$ , $C(X)$ $C(X)$ , $\Downarrow uC_{\varphi}||=\Downarrow u||$ .
$uC_{\varphi}$ , $C(X)$ (weighted composition operator) . ,
$u$ 1 , $uC_{\varphi}=C_{\varphi}$ : $f\vdash+f\mathrm{o}\varphi$ , (composition operator)
. , $\varphi$ $X$ , (multiplication operator)
$uC_{\varphi}=M_{u}$ : $f-*u\cdot f$ . , [4] .
[1] $Jl\triangleright \text{ }$ $A$ Banach , $T$ $A$ . $A$
$\mathcal{K}$ , $T$ $\mathcal{K}$
$||T||_{e}= \inf\{||T-S|| : S\in \mathcal{K}\}$
, $T$ (essential norm) . ,
, . , $uC_{\varphi}$ .
1 $C(X)$ $uC_{\varphi}$ , .




$uC_{\varphi}$ \Leftrightarrow ||uC\mbox{\boldmath $\varphi$}||e $=0$” 1 , .
1(Kamowitz [2], Singh and Summers [5]) $C(X)$ $uC_{\varphi}$
, .
$\backslash$ , $r>0$ , $\varphi(\{x\in X : |u(x)|\geq r\})$ .
, 1 $u$ 1 , .
2 $C(X)$ $C_{\varphi}$ $||C_{\varphi}||_{e}$ , 0 1 .
2 , $C_{\varphi}$ , $||C_{\varphi}||_{e}$ 0, 1
. , , $||C_{\varphi}||_{e}=1=||C_{\varphi}||=||C_{\varphi}-O||$ , $O$
, $C_{\varphi}$ .
[2] Hyers-Ulam stability Ulam [8] Hyers [1]
, ([7] ). , [3]
, Hyers-Ulam stabilty . .
$A,$ $B$ Banach , $T$ $A$ $B$ . $T$ Hyers-Ulam stability
, $K$ .
$\Downarrow Tf-g||\leq\epsilon$ $g\in T(A),$ $\epsilon>0,$ $f\in A$ ,
$Tf_{0}=g$ $\Downarrow f-f\mathrm{o}||\leq K\epsilon$ $f_{0}\in A$ .
$K$ , $T$ HUS , $K_{T}$ .
$T$ , 3 (i)\sim (\rightarrow
.
(i) $T$ Hyers-Ulam stability .
(ii) $T$ ( $G$ $A$ \Rightarrow T(G) $T(A)$ ).
(i\"u) $T$ .
, Hyers-Ulam stability ,
. , HUS . $T$ $N(T)$ , $A/N(T)$
. $T$ $A/N(T)$ $B$ 1 1 $\tilde{T}$ :
$\tilde{T}(f+N(T))=Tf$ $(f\in A)$
, $(\ddot{\dot{\mathrm{m}}})$ , $(\dot{\mathrm{N}})$ .
$(\dot{\mathrm{w}})\tilde{T}$






3, $T$ $uC_{\varphi}$ , .
2 $uC_{\varphi}$ , $C(X)$ . $uC_{\varphi}$ Hyers-Ulam stability
,
$(*)$ $\varphi(\{x\in X : |u(x)|\geq r\})=\varphi(\{x\in X : u(x)\neq 0\})$
$r$ . , $uC_{\varphi}$ HUS Ku ,
, $K_{uC_{\varphi}}=1/ \sup${$r>0:r$ $(*)$ -r} .
, .
3 $uC_{\varphi}$ $C(X)$ . $u^{-1}\in C(X)$ , $uC_{\varphi}$
Hyers-Ulam stabilty , $K_{uC_{\varphi}}\leq||u^{-1}||$ . , $\varphi$ 1 1
, $K_{uC_{\varphi}}=||u^{-1}||$ .
$u$ 1 , $u^{-1}\in C(X)$ , 3 , $C(X)$ $C_{\varphi}$
Hyers-Ulam stability . , 3 , $K_{uC_{\varphi}}=||u^{-1}||$ , $\varphi$ 1 1
. , $X=[0,1]$ , $u$ $\varphi$ ,
$u(x)=x^{2}-x+ \frac{5}{4}$ , $\varphi(x)=\{$0(
$0 \leq x\leq\frac{3}{4}\text{ }$ )
$(x\in[0,1])$
$4x-3$ $( \frac{3}{4}<x\leq 1\text{ })$
, $K_{uC_{\varphi}}= \frac{16}{17},$ $||u^{-1}||=1$ , $K_{uC_{\varphi}}\neq||u^{-1}||$ .
, 2 , $\varphi$ , .
4 $M_{u}$ $C(X)$ . $M_{u}$ Hyers-Ulam stability
, $\{x\in X : u(x)\neq 0\}$ . ,
$\ovalbox{\tt\small REJECT}$ HUS $K_{M_{u}}$ , $K_{M_{u}}=1/ \inf\{|u(x)| : u(x)\neq 0\}$ .
\S 1 , [6] . , [6] .
\S 2. $C_{b}(X)$ $C_{b}(\mathrm{Y})$
, 2 .
$X$ Banach ($\sup$ ) , $C_{b}(X)$
. , $X,$ $\mathrm{Y}$ , 2 $C_{b}(X),$ $C_{b}(\mathrm{Y})$ . ,
$C_{b}(\mathrm{Y})$ $u$ , $S(u)=\{y\in \mathrm{Y}:u(y)\neq 0\}$ . , $\varphi$ , $\mathrm{Y}$ $X$ ,
$S(u)$ . $u$ $\varphi$ , $C_{b}(X)$ $C_{b}(\mathrm{Y})$ $uC_{\varphi}$ ,
$(uC_{\varphi}f)(y)=u(y)f(\varphi(y))$ $(y\in \mathrm{Y}, f\in C_{b}(X))$
. , $uC_{\varphi}$ , $C_{b}(X)$ $C_{b}(\mathrm{Y})$ , $||uC_{\varphi}||=||u||$
. $uC_{\varphi}$ , $C_{b}(X)$ $C_{b}(\mathrm{Y})$ . $X=\mathrm{Y}$
Hausdorff , \S 1 .
3
2 .
3 $uC_{\varphi}$ , $C_{b}(X)$ $C_{b}(\mathrm{Y})$ . $uC_{\varphi}$ Hyers-Ulam
stability ,




$uC_{\varphi}$ HUS $K_{uC_{\varphi}}$ , $K_{uC_{\varphi}}=1/ \sup${$r>0:r$ $(*)’$ } .
3 , 2 , , .
, $uC_{\varphi}$ $C_{b}(X)/N(uC_{\varphi})$ $C_{b}(\mathrm{Y})$ 1 1
$u\tilde{C}_{\varphi}$ :
$u\tilde{C}_{\varphi}(f+N(uC_{\varphi}))=uC_{\varphi}f$ $(f\in C_{b}(X))$
, 2 $(\mathrm{i})\Leftrightarrow(\mathrm{i}\mathrm{v})$ .
(i) $uC_{\varphi}$ Hyers-Ulam stability $\Leftrightarrow$ (iv) $u\tilde{C}_{\varphi}^{-1}$ .
, $C_{b}(X)/N(uC_{\varphi})$ ,
$(\star)$ $||f+N(uC_{\varphi})||= \sup\{|f(x)| : x\in\varphi(S(u))\}$ $(f\in C_{b}(X))$
.
\leftrightarrow $\alpha=\sup\{|f(x)| : x\in\varphi(S(u))\}$ . $h\in N(uC_{\varphi})$ , $h(x)=0$
$(x\in\varphi(S(u)))$ ,
$\alpha=\sup\{|f(x)+h(x)| : x\in\varphi(S(u))\}\leq||f+h||$
. , $\alpha\leq||f+N(uC_{\varphi})||$ .
$||f+N(uC_{\varphi})||\leq\alpha$ . , $X$ Stone-Cech $J\dot{\mathrm{a}}$ $\tilde{X}$
. $\tilde{X}$ , $X$ Hausdorff , $f$ $\tilde{X}$
$\tilde{f}$ . , $\epsilon>0$ ,
$F=\{x\in\tilde{X} : |\tilde{f}(x)|\leq\alpha\}$ , $G=\{x\in\tilde{X} : |\tilde{f}(x)|\geq\alpha+\epsilon\}$
. , $F$ $G$ $\tilde{X}$ , $F\cap G=\emptyset$ , Urysohn ,
$0\leq g\leq 1$ , $g(F)=\{0\}$ , $g(G)=\{1\}$
$g\in C(\tilde{X})$ . , $h(x)=f(x)g(x)(x\in X)$ .
, $h\in C_{b}(X)$ . , $\alpha$ , $\varphi(S(u))\subset F$ , $h(x)=0(x\in\varphi(S(u)))$
, $h\in N(uC_{\varphi})$ . ,
$|f(x)-h(x)|=|f(x)||1-g(x)|\leq\{$
0($x\in X\cap G$ )
$\alpha+\epsilon$ $(x\in X\backslash G\emptyset \mathrm{k}\Xi)$
, $||f-h||\leq\alpha+\epsilon$ . ,
$||f+N(uC_{\varphi})||\leq||f-h||\leq\alpha+\epsilon$
. , $\epsilon>0$ , , $||f+N(uC_{\varphi})||\leq\alpha$ .
, $(\star)$ . $\square$
3 .
4
3 [ ] $uC_{\varphi}$ Hyers-Ulam stability . ,
(i) $\Leftrightarrow(\dot{\mathrm{N}})$ , $u\tilde{C}_{\varphi^{-1}}$ . , $||u \overline{C}_{\varphi^{-1}}||<\frac{1}{r}$ $r>0$ .
$r$ $(*)’$ . , $r$ $(*)’$ .
, $x0\in\varphi(S(u))\backslash \overline{\varphi(\{y\in Y\cdot.|u(y)|\geq r\})}$ . , $X$ $\mathrm{f}\mathrm{l}|$
,
$0\leq f\mathrm{o}\leq 1$ , $f\mathrm{o}(x\mathrm{o})=1$ , $f\mathrm{o}(x)=0(x\in\overline{\varphi(\{y\in \mathrm{Y}\cdot.|u(y)|\geq r\})})$
$f\mathrm{o}\in C_{b}(X)$ . ,
$|(uC_{\varphi}f_{0})(y)|=|u(y)||f_{0}(\varphi(y))|\leq\{$
$|u(y)|\cdot 0=0$ ( $|u(y)|\geq r$ )
$r\cdot|f_{0}(\varphi(y))|\leq r$ $(|u(y)|<r\emptyset \mathrm{g}\mathrm{g})$
, $||uC_{\varphi}f\mathrm{o}||\leq r$ . , $(\star)$ ,
$1=|f \mathrm{o}(x\mathrm{o})|\leq\sup\{|f\mathrm{o}(x)| : x\in\varphi(S(u))\}$
$=||f0+N(uC_{\varphi})||=||u\tilde{C}_{\varphi}^{-1}(uC_{\varphi}f\mathrm{o})||\leq||u\tilde{C}_{\varphi}^{-1}||||uC_{\varphi}f\mathrm{o}||$
$\frac{1}{r}$ . $r=1$
, . , H $(*)’$ . , .
, $||u \tilde{C}_{\varphi}^{-1}||<\frac{1}{r}$ $r>0$ , $(*)’$ ,
$R= \sup${ $r>0:r$ $(*)’$ } , $\frac{1}{R}\leq||u\tilde{C}_{\varphi}^{-1}\Downarrow$ .
[ ] $(*)’$ $r>0$ . , $f\in C_{b}(X)$ ,
$(\star)$ A $\mathfrak{d}$ ,
| $N(uC_{\varphi})||= \sup\{|f(x)| : x\in\varphi(S(u))\}$
$\leq\sup\{|f(x)| : x\in\overline{\varphi(\{y\in \mathrm{Y}\cdot.|u(y)|\geq r\})}\}$
$= \sup\{|f(x)| : x\in\varphi(\{y\in \mathrm{Y} : |u(y)|\geq r\})\}$
$= \sup\{|f(\varphi(y))| : |u(y)|\geq r\}$
$= \sup$ {\mp \pi l Tl $(uC,f)(y)|$ : $|u(y)|\geq r\}$
$\leq\frac{1}{r}\sup\{|(uC_{\varphi}f)(y)| : |u(y)|\geq r\}$
$\leq\frac{1}{r}||uC_{\varphi}f||$
. , $u\tilde{C}_{\varphi}^{-1}$ , $||u \tilde{C}_{\varphi}^{-1}||\leq\frac{1}{r}$ . , (i)\Leftarrow (\mapsto ,
$uC_{\varphi}$ Hyers-Ulam stability . , . , $r>0$
$(*)’$ , $||uC_{\varphi}^{-1}|| \leq\frac{1}{R}$ . ,
, $||u \overline{C}_{\varphi^{-1}}||=\frac{1}{R}$ . , (\dagger ) , $K_{uC_{\varphi}}= \frac{1}{R}$ . $\square$
3 , $X=\mathrm{Y}$ Hausdorff .
$u$ , $\{x\in X : |u(x)|\geq r\}$ ,
$\{x\in X : u(x)\neq 0\}$ , $\varphi$ , $\varphi(\{x\in X : |u(x)|\geq r\})$
,
$\varphi$ $(\{x\in X : |u(x)|\geq r\})=\varphi(\{x\in X : |u(x)|\geq r\})$
. ,
$\varphi$ $(\{x\in X : |u(x)|\geq r\})\subset\varphi(\{x\in X : u(x)\neq 0\})$
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